everal studies have reported the influence of exercise training on left ventricular (LV) contractility in patients with myocardial infarction (MI), although consensus has not been obtained; no changes in resting contractility were observed, 1-4 improvement was achieved only in patients with cardiac dysfunction, 5 deterioration was observed only in patients with cardiac dysfunction, 6 LV ejection fraction (LVEF) during exercise improved. 7, 8 The present study was conducted to investigate the influence of exercise training on LV function and exercise tolerance in patients with acute MI (AMI) using a new index of cardiac function, the Tei index. The Tei index is an echocardiographic/Doppler index of the combined LV systolic and diastolic function. We investigated the correlation between the Tei index, LVEF as a marker for systolic function, and exercise capacity in patients with AMI who were enrolled in a cardiac rehabilitation program.
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Methods
The study population comprised 53 consecutive patients (36 males, 17 females; mean age: 65±10 years) admitted to hospital for AMI. Patients were excluded if they had some risks associated with exercise training, such as coronary artery disease with residual myocardial ischemia and severe aortic stenosis, if they had orthopedic or neuromuscular or if they had frequent ectopic beats or atrial fibrillation. An anterior wall infarction developed in 45% of the patients, 6% of the patients had a history of old MI and 60% of the patients underwent reperfusion therapy in the acute stage. Mean LVEF in the acute stage was 52%. According to the Killip's classification, 94% of the patients were I or II.
The in-hospital and outpatient cardiac rehabilitation program for patients with AMI was either a 2-or 3-week program according to the Guideline for Rehabilitation of Cardiovascular Patients and was supported by a research grant for cardiovascular diseases (5C-3) from the Ministry of Health and Welfare from 1993 until 1995 (Director Muneyasu Saito). Exercise training, which was prescribed on the basis of 90% intensity of the anaerobic threshold, was performed 2-3 times per week for 6 months. Acutestage exercise training during admission was performed under monitoring and chronic-stage exercise therapy was continued under monitoring at the outpatient clinic or unsupervised at home. In principle, subjects maintained their medications throughout the study. Prior to participation, informed consent was obtained from each patient.
Cardiopulmonary exercise testing (CPX) and 2-dimensional Doppler echocardiography (2D-Echo) were carried out at the start of the cardiac rehabilitation program and at 1, 3, and 6 months later. Peak V
• O2 was measured during CPX as described previously 9 and the LVEF and Tei index were obtained by 2D-Echo. 10 The measurement of LVEF used a modified Simpson's method with the apical 4-chamber view and the Tei index (normal range: 0.39±0.05), defined as the sum of the isovolumetric contraction time and isovolumetric relaxation time divided by ejection time, was measured from the LV outflow and mitral inflow Doppler velocity profiles as described by Tei et al. 10 In addition, the subjects were divided into 3 groups according to their Tei index before the start of exercise train- For statistical analysis, ANOVA was used and p<0.05 was regarded as significant. The data are expressed as the mean ± standard deviation.
Results
The peak V • O2 improved from 14.3±3.3 ml·min -1 ·kg -1 at the start of cardiac rehabilitation program to 18.5±5.2 ml· min -1 ·kg -1 (p<0.01) after 6 months (Fig 1, Upper panel) . Although there were no significant changes in the resting LVEF over the 6 months (Fig 1, Lower panel) , the Tei index improved from 0.50±0.18 to 0.41±0.19 (p<0.05) (Fig 2, Upper panel) .
In addition, the ∆Tei index was calculated from the difference between the baseline value and the value after 6 months of exercise training. When the ∆Tei index was compared among the 3 groups, the value had improved in the groups with high or slightly high values (lower cardiac function) compared with the normal group (-0.22±0.16, -0.13±0.14, +0.02±1.0, p<0.05) (Fig 2, Lower panel) .
Discussion
Exercise training is recommended for patients after AMI because of its beneficial effects, even though the reported effects of exercise training on cardiac function in these patients are still contradictory. Ornish et al found that patients in the exercise group demonstrated improved LVEF during peak exercise, 7 but Jugdutt et al reported that patients with lower LVEF developed further functional and topographic deterioration with exercise training. 6 Giannuzzi et al 5 reported that in the in EAMI trial post infarction patients without clinical complications, even those with a large infarction, had a possible benefit from long-term physical training without any additional negative effect on ventricular size or topography. Recently, Otsuka et al reported that patients with moderate to severe LV dysfunction benefited from exercise training started early after AMI without any deterioration in LV remodeling, with a similar magnitude of improvement in exercise capacity to that in patients with mild LV dysfunction. 11 Because Eto et al 12 reported that aerobic exercise training started early after the onset of AMI significantly increased cardiac output during exercise, we believe this difference of opinion is partly derived from limitations of the methods to evaluate cardiac function.
LVEF is most commonly used as an index of contractility. In the present study, although the effects of exercise training were not reflected in changes in LVEF, they were detected when using the Tei index. The Tei index, (isovolu metric contraction time + isovolumetric relaxation time)/ ejection time, is a new, simple, and reproducible index of combined systolic and diastolic myocardial performance. It has several practical and conceptual advantages: (1) it is easily obtained from conventional Doppler recordings; 10 (2) it has a wide range of values that correlate with a wide range of severity; 13 (3) there is no need to normalize heart rate or blood pressure; 13 (4) it is not dependent on ventricular geometry; (5) it is applicable to left 13, 14 and right 15 heart function; and (6) it pertains to both systolic and diastolic performance. 16 The Tei index has been found to be a strong predictor of mortality in patients with dilated cardiomyopathy. 13 In the present study, there were no observable changes in LVEF as an index of systolic function and although improved diastolic function by physical training has been reported, [17] [18] [19] we could not clarify an improvement indeceleration time as an index of diastolic function. We also could not clarify why the Tei index improved. However, because the Tei index and the exercise tolerance improved regardless of the severity of cardiac dysfunction evaluated by the Tei index at baseline, patients with a variety of cardiac dysfunctions detected using the Tei index can undergo exercise training.
Study Limitations
This study was not a randomized controlled trial, but despite being an observational study we were able to show the effect of exercise training on LV function using the Tei index and exercise tolerance.
Conclusion
Both cardiac function, which was evaluated by the Tei index, and exercise capacity improved after exercise training in patients with AMI and the greater improvement was seen in those with a higher baseline value (lower cardiac function) for the index.
